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Abstract. In Portugal the population is ageing. Therefore, the provision of health care at patients’ home is becoming an
important social and health area; this health service is provided by professional teams (usually composed by nurses) of the
Health Centers. Nowadays, the scheduling of the visits is made manually. The proposal of this work is to do the scheduling
automatically in order to minimize the overall time spent by the professional teams in the visiting activity. In this work the
genetic algorithm was used to solve the optimization problem. Some numerical results are presented.
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INTRODUCTION
According to the World Health Organization the ageing people and dependency rate care of older people in Europe,
namely in Portugal, is increasing. The National Health System has to deal with more and more demanding scenarios
in what concerns home visits. The provision of home health care is playing an increasingly important role in Europe,
as it is economically advantageous to keep people at home instead of providing them a hospital bed [1].
The home-based care provided by public or private entities has been the subject of recent research mainly in the
operations research area with particular attention on route’s optimization and on the staff teams composition that
provide this kind of services [1, 2, 3, 4].
To provide home-based care, Health Centers play a very important role since they are closer to the population. In
this context, Health Centers have to organize and schedule the professional teams. This represents a complex problem
being its main goal to minimize the time needed to do all the visits.
The paper is organized as follows: first, it is given a description of the problem is stated with its mathematical
formulation; then a small summary of the genetic algorithm method (GA) since it was the method chosen to solve
the problem; some results are presented and a comparison is made with another version of GA method. Finally some
conclusions and future work ideas are given.
MATHEMATICAL MODELLING OF THE PROBLEM
Health Centers have nurses devoted partially to the task of providing health care at home patients, who live at any
location in the area under supervision of the Health Center. The main objective is to minimize the total time needed to
do all these visits.
In this section the mathematical modelling of the optimization problem is presented: how to schedule the home
visits in order to minimize all the time needed.
So, it should be considered the total number of nurses that do the home visits, NN; the total number of patients
that need some treatments at their home, NP ; and all different locations, NL. It is also necessary the description
of all treatments provided by each nurse (not all nurses perform all treatments), the time between the locations, the
treatments that each patient should do (can be more that one) and the time needed to do each treatment.
Consider variable x= (p1, ..., pNP;n1, ...,nNP), where the patient pi will be visited by the nurse ni, i= 1, ...,NP. For
a given x is possible to define the nurse schedule, S(l), l = 1, ..,NN. The objective function is defined as
f (x) = max
l=1,...,NN
S(l)
which represents the maximum time needed by the last nurse to finish her last treatment to her last patient, counting
even with the return journey to the starting point (Health Center). And the constrained optimization problem will be
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where x= (p1, ..., pNP;n1, ...,nNP) with pi ∈ {1, ...,NP} and ni ∈ {1, ...,NN}; pi = p j for ∀i = j; and all ni need to do
all treatments of the patient pi for i= 1, ...,NP.
Case Study
In the present case study, the Health Center is located at Bragança District (Location 1) and has three nurses assigned
to perform four different treatments, with different average times, as described in Table 1.
TABLE 1. Average time (min) of treatments that each nurse performs in the
case study.
Treatment 1 Treatment 2 Treatment 3 Treatment 4
Nurse 1 20 20
Nurse 2 20 20
Nurse 3 20 30
There are eight patients, in a working day, who need domiciliary visits by the health professionals. The information
regarding the treatments for each patient is described in Table 2.
TABLE 2. Treatments needed for each patient in the case study.
Treatment 1 Treatment 2 Treatment 3 Treatment 4
Patient 1 X
Patient 2 X X
Patient 3 X X
Patient 4 X
Patient 5 X
Patient 6 X X
Patient 7 X
Patient 8 X
The eight patients live in four different locations. Therefore, each nurse needs to move from the Health Center (the
origin) to the patient’s home to provide the health care. Patients 1 and 2 live in Location 1, patients 3, 4 and 5 live in
Location 2 and patients 6 and 7 live in Location 3; finally, the patient 8 lives in Location 4.
It is also important to note that the locations of the patients have different travel distances. Table 3 describes the time
of travel between different locations. A time of 15 minutes was set to go from a house to another in the same location.
TABLE 3. Information about the time spent (min) in the travel between
different locations in the case study.
Location 1 Location 2 Location 3 Location 4
Location 1 15 40 45 50
Location 2 40 15 60 65
Location 3 45 60 15 65
Location 4 50 65 65 15
Based on all the data mentioned above, the objective is to do the nurses schedule, in order to minimize the total time
needed to provide all the treatments to all the patients and return to the Health Centers.
This problem was solved using the genetic algorithm method described in the next section.
GENETIC ALGORITHM
To solve the scheduling problem of the nurses routes the Genetic Algorithm was used.
The Genetic algorithm (GA) was originally proposed by John Holland [5]. GA is a stochastic method, whose
mechanism is based on simplifications of an evolutionary processes observed in nature, namely selection, mutation
and crossover [6, 7, 8, 9]. As opposed to many other optimization methods, genetic algorithm works with a population
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of solutions instead of one single solution. In GA, the solutions are combined to generate new ones until a satisfactory
solution is obtained, i.e. until the stop criteria is met. In this work it were used the genetic algorithm presented in
MatLab Optimization toolbox [10] and the genetic algorithm version presented in the work [6].
RESULTS AND DISCUSSION
The numerical results were obtained using an Intel(R) Core(TM) i7 CPU 2.2GHz with 6.0 GB of RAM.
Since the genetic algorithm is a stochastic method, each implementation was tested with 50, 100 and 200 runs, in
order to evaluate the results. Table 4 presents the percentage of successful runs of each implementation of the genetic
algorithm: GA 1 is the implementation of the genetic algorithm of the MatLab Optimization Toolbox and GA 2 is the
genetic algorithm according to work [6].
TABLE 4. Successful runs of GA implemen-
tations
50 runs 100 runs 200 runs
GA 1 0% 5% 10%
GA 2 100% 100% 100%
The execution time average of the successful runs for GA versions is as follows:: GA 1 take 5.64 seconds while and
the GA 2 needs 22.2 seconds to solve the optimization problem.
Analyzing the numerical results, it is possible to see that the implementation of GA present in the MatLab
Optimization toolbox rarely identifies the optimal solution of the problem. In many runs the solution is not feasible.
In opposition, GA 2 is 100% successful since it finds a feasible solution in all runs.
Figure 1 depicts graphically the obtained solution.
FIGURE 1. Optimal schedule for the case study.
The time needed to each nurse perform care treatment is represented by points. The vertical lines, show the time
of travel between different locations. It should be noted that has been assigned 15 minutes ride between to different
houses in the same city. For example, the nurse 1 starts its care to a patient in Bragança, needs 15 minutes, in the same
city, to go visit another patient (this situation is represented by the horizontal lines).
Analyzing Figure 1 it is possible to see that the minimum time needed for the health team to perform all the visits
and return to the Health Center is 240 minutes.
CONCLUSIONS AND FUTUREWORK
Optimization can be used very advantageously in the context of Health Centers scheduling for home care of the aged
people. The scheduling problem of nurses teams was efficiently solved using the genetic algorithm. Moreover the
optimal solution was found quite fast.
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This approach represents a gain for all the involved people, health professionals and patients.
For future work, the complexity of the problem could be increased, for instance, increasing the number of nurses,
patients or treatments. Another approach is to reformulate the problem and take into account the number of cars
available in the Health Center.
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